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RESEARCH MEMOTANDUM

IRAC MEASUREMENTS OF A SWEPT-BACK WING HAVING INVERSE TAFER
mmmmmrnmmsmmmmsrms
By Sidncy R. Alexander

SMURY

Results of flight testua couducted at the test station of the
langley Pilotless Alrcreft liesearch Divinion at Wallops Island, Va.
to detexmine the érag at zero 1lift of a swopt-back wing of inverse
teper are presentod. Thc wing had am aspoct ratio of 3.0, taper
ratio of 1.62, and loei ' ;~edge sweep of 35°. The eirfoil was of
NACA 65-009 section taken ncrmal to the leading cdge. The data
wore obtalaed hy reder tracking of the roclket-propelled winged
body moving at surs-~sonic speeda. A comperioon ie made with the
results of slumilar tests of wntapered wings leving 34° and 45°
sweepback of a provious paperr, NACA RM No. LoJ16. The test
resvlis shoved theat for the cormarable Mach number rangs invostie
gated (M= 1.0 %o 1.2/5) tho *apered win; produced values of
drag coofficiont that averacod ebuut 30 percent lower than those
of the 340 ewept-back untaperod win: and about 20 percent higher
than those of the L45° swopi-back uniapored wirg., At Mach numbers
of 1.1 and 1,2, the tapered wing revealed drag coefficients
of 0.0135 and 0,02¢5, the latter value being the maximum value
obtained for this arrengement.

[

>

TNTRODUCTION

The Langley Pilotless Aircraft Research Division has included
in its high-speed drag research program, tests of a swept-back wing
: . having inverse taper (tip chard groater then root chord). It was

reagsoned that if sweopback and taper both produce wing-tip stall,
p—_ then the use of inverss taper would tend to promote centor-section
- : stall and ocounteract, to aome extent, the inherently pour stalling
characteristics of the swept-back wing.

£ RS

This paysr presents the results of fligzht tests oonducted at
supersonic speeds to de'. .mine the drag at goro 1ift of a swept~
dack ving of inverse tayer mounted on 2 rockst-propelled body.
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BODY AND TESTS

Bedy

The rocket-propelled winged test body was conatructed of wood
and was about 5 Teet long end 5 inchea in dismeter, A photogreph
of the teat body equipped with the swept-beck inverse~tarer wing is
rresented as figure 1, Tio wing was mounted on the body at zero
incidence with the mean g .rter—chord point et the same longitudinal
station s the design center of gravity. The NACA 65-009 eirfoil
sectian (chord normal to leedinz edso) rad neither twist nor
dihedral. The sweepbeck of the leading edge Ay, g, wes 35° and
that of the quarter-chord line wes 7.7, G'w espect ratio A,
including that pert cf the winz cncloscd by tlhe body, was 3.0, and
the teper retic ctfe, (ratioc cf ii. choerd to root chord) was 1.62,

The fuselage ccnaisted of a shrrp nose fitted to e hollow
cylindrical eftorbody around which four stebilizing fins were
equally speced, eacih £in comprising e flat surface with rounded
leeding edgen swept back 45° end troiling edees cut off squers.
The fins were indexed 45° to the wirg. Details of the general
arrangement are shown as figure 2,

Tho test body was provelled by a 3.25-inch diam~ter Mk.7 aircraft
rocket motcr enclosed within the body. 4t = preignition temperature
of 69° F, the motor provided ebout 2200 pcunds of thrust for
approximately 0.87 second.

Tests

The testing technigue involved consists o’ leunching the body
at an eleveticn nngle of 75° to the horlzontel., Becruse of this
high angle and the chort burning duration of the rocket motor,
the trejectory during the supersonic coasting Flight, sfter the
propellent was expended, wrs spproximately e streight line. The
flight velocity was rossur-d by meens of a CW Doppler radar set
(AN?TPS—’j) located at the point of launching. . The values of
terpersture and static pressure used in caleculeting drag coefficients
and Mach numbter were obtained from radioscnde ctservetions made at
the time of firing.
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RESULTS AND DISCUSSION

The variation of velocity with flisht time for the test body,
a8 measwred with the rader wnit, is presented in fisurs 3. The
maximm velocity reeched by the body wae 1495 feet per second,
wvhich corresponds to e Mach nwmber of about 1.32. The portion of
the vclocity cvrve during which coasting flizht was attelned
{after the propellant had bcea expended) was sraphically differentiated
to obtain the deceleraticn. From thie velue cnd the known mass
of the body, the drag was obtelned. This ie presented in figure b
plotted egainst Mach mumber M. Althoush the scetter of the
velocity-time curve hes been ¢rectl mn nified by its differentiation,
the drag curve is eatisfactoril; feturm’nad. Dreg coefficlents
calculated for the test body fic:i tue date of fi-ure & end based
on an cxpose? wing area of Z(J sqrsre iichee are presented in the
wpper part of f£iqure 5. As a meens of ostimatin; the relative
effectivoness of the tepered wing, similar curves for the teet
bodiss of reference 1 with the NACA 65-009 rectanpuler airfolils
of 34° end 45° sweevmeck end aspect retic 2.7 ere incluled, as
well es the data for e winzless body erransement. This latter
ourve hag been modified slichtly from the corresponing one of
reference 1 to include the everase results of three meio ldentical
wingless test bodice since fired. It should be pointed cut that

. the low Mech mwber ranse in these tests is reached vhen the test
body ls farthorest from the launching site. In thie region, the
etren;sth of the rader sismal ané the clharecter of the dran variation
make inhorontly difficult e precise dsterm'nation of the dreg at a
glven Mach number. 3BDecause of the steepness of the drag-coefficlent
swrve agsinst Mach mumber, e very small error in Mach number
detexrmination will cr'se 2 large percenta;e error in the dreg
ccefficient, INxaminution of the dres;-coefficient curves of similar
test bodies (in tie Mach number renge betwecn 0.85 and 1.0)
reverl dieplacement end/or ckanges in slope of the dras-coefficlent
curves that result in dlscrepancies in drag coefficlent et a glven
Mach number ee histh es ;10 percent comperef with +3 percent in the
region above & Mach number of 1.0. The asccnracy hes since been
increased by ottaining more eccurete temporeture-yressure-altitude
soundings, but for any epprecieble increese In eccuracy for
Mach numbers btelow 1.0, slower models should be used.

It should be remsmbered slso that in the transonic speed
range peculier transfers of drag teke place between the wing and
the body so that wing drag plus its interfersncc may vary greetly
for different designs. For tihe seme reescn, a change in the
body shape on which the wings ers mounted mey alsc chenge the
drag due to tho wings.
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Corresponding curves of wing drag coeffioient derived by taking
the difference between the total-drag-coerficient curves of the
winged and vingless test bodiece ave presented in the lower portion
of figure 5, These values include wing-fuselage interforence ofrects,
Por the range of compareble Mach mmbers, the tapered wing had
values of drag ooofﬁcient that averaged about 30 percent lower
than those of the 34° swept-back untapered wing and about 20 percent
higher than those of the 45° swept-back untapered wing. At Mach:

" pumbere of 1,1 end 1,2, the tapered wing produced drag-coeriicient
values of 0,0195 and 0,0225, this latter value being the maximnm
value obtained for this arrengement. Inasmuch ae the difference

in aspect ratio and lecadin ;-edge. sweep angle between the wing having
inverse taper and the 3:° swept-bool rectangular airfoll is emall,
the reduction in drag coeificient o. the tzpered wing ovex the
untapared one can he attributed tc o cambinstion of the Jollowing
effectas wing-luseloge intei.eucuce, poxcentage of wing area
located in the region of high pressure drasg noar the wing rcot, or
the poseibility of the sweep ¢f some pament chord line other than
the leading edge controlling the action of the dirag as is theoretically
indicated in relerence 2 for the case of "delta" wings, The
relative comtributions of each to the over-all drag value could

ba determined only by further tests o” tapeiod wings.

" CONCIUDTNG FEMATKS

Flight tests to determine the drag o a swopt -back wing having
inveree taper wers conducted by the Longley Pllotless Aireraft
Research Division at Wallops Island, Va, The wing had an aspect
ntio of 3.0, taper ratio of 1,62, sud leading-sdge sweepback -

“of 35°, The drag coefficients of two untapered winzs of aspect
ratio 2,7 and sweepback ongles of 34° end 45° obtained in an
1dentical fashion have aloo heen included ae a means of comparison,
The results ehowed that for the comparable Mach muibor range
investigated (M = 1,0 to 1.273) the tapered wing had valuea of
dr:g coefficient that averaged adout 30 pazcent lowor than those of
the 34° swept -back untapered wing and about 20 nexcent higher than
those of the k5% swept -back untapered wing, At Mach numbers
of 1.1 and 1,2 the tapered wing produced dreg-coeflicient values
of 0,0195 and 0,022%, this latter value being the maximm value
obtained for this arrangement.

langley Memorial Aeronautical Iuboratory
National Advisory Committee for Aemuues
langley Field, Va,
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Figure 1.~ The test body with swept-back wing having inverse taper.
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Fig. 2
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Frgure5.— Comparison of alrag-coefficient data
for a swept-back wing having mverse japer and
two swept-bocK untapered wings.
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